Introduction
Molybdenum (Mo) is one of several refractory metals being considered for use in fusion devices [1, 2, 3] . As a plasma-facing material, Mo will be subject to intense fluxes of energetic deuterium and tritium ions and neutrals. This implantation process leads to concerns about tritium inventories after long-term deuterium-tritium plasma exposure.
There are numerous publications devoted to hydrogen inventory in molybdenum materials irradiated with hydrogen isotope ions at temperatures in the range from 160 to 887 K [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14] . In a majority of these studies Mo was irradiated with hydrogen isotope ions at energies above 1 keV. Only publications [8, 13, 14 ] present reviews of results on hydrogen retention after low-energy (in the range several hundreds eV) plasma exposure. While information about the total amount of hydrogen retained in
Mo materials and about hydrogen detrapping energies can be obtained from thermal desorption measurements, measurements of hydrogen depth profiles can give detailed information about the depth distribution of defects which are responsible for hydrogen trapping, and therefore, can help to understand the mechanisms of hydrogen-material interactions. The deuterium concentration in 25 μm Mo foils exposed to a high-flux 100 eV D plasma to a fluence of 1.7×10 24 D/m 2 at 400 K, as measured by Wright et al. with ion beam analysis [14] , changed from 0.8 to 0.1 at.% at depths of from 0 to 5 μm.
In the present investigation we compare depth profiles of deuterium trapped within the 7 μm thick sub-surface layer of different molybdenum materials irradiated with 200 eV D ions. The D( 3 He,p) 4 He nuclear reaction at different 3 He energies was used for quantitative depth profiling.
Experimental
Three types of Mo samples were investigated:
(i) Single crystal Mo of 99.9 at.% purity with 1-5 mm macro-crystallite size, produced by double electron-beam zone melting at the State Institute of Rare Metals, Moscow. The samples were cut from a Mo rod by spark cutting and were 1 mm in thickness. The sample surface was parallel to the (100) crystallographic plane.
(ii) Polycrystalline, reduced-rolled Mo foil of 99.6 at.% purity, 0.5 mm in thickness, produced by the powder-metallurgy process (Plansee Aktiengesellschaft, Austria). The grain size was estimated to be in the range of 1-5 μm.
The single crystalline and polycrystalline Mo samples were mechanically and electrochemically polished. To determine the D concentration at larger depths, an analyzing beam of 3 He ions with energies varied from 0.69 to 4 MeV was used. The protons from the D( 3 He,p) 4 He nuclear reaction were counted using a wide-angle proton detector placed at an angle of 135°. In order to determine the D concentration profile in deeper layers, the computer program SIMNRA was used for the deconvolution of the proton yields measured at different 3 He ion energies. A deuterium depth distribution was assumed taking into account the near-surface depth profile obtained from the α particle spectrum, and the integral proton yield as a function of incident 3 He energy was calculated. The form of the D depth profile was then varied using an iterative technique until the calculated curve matched the measured proton yields [17] .
The surface morphology of the ion irradiated Mo samples was investigated by scanning electron microscopy (SEM).
Results and discussion
Just as for tungsten [18, 19] , the depth at which deuterium is retained in molybdenum concentration maximum is about 6×10 -2 at.% and the concentration in the sub-surface layer and the bulk is below 10 -4 at.% ( Fig. 1 a) , whereas in polycrystalline Mo these concentrations are about 3 at.% and more than 10 -3 at.%, respectively (Fig. 1 b) . As the fluence increases, the near-surface D concentration in the Mo single crystal increases significantly reaching 6-7 at.% at a fluence of 5×10 24 D/m 2 , whereas the D concentration at depths greater than 2 μm remains practically unchanged (Fig. 1 a) (Fig. 2 a) .
We note that no blisters appeared on the surface of the Mo single crystal irradiated at For tungsten implanted with D ions at energies below the displacement threshold, the mechanism of plastic deformation due to deuterium super-saturation has been considered for formation of trapping sites for deuterium [18, 19, 20] . During D ion irradiation or D plasma exposure, the D concentration in the implantation zone greatly exceeds the solubility limit and stresses the matrix lattice until plastic deformation occurs to alleviate these tensions. This deformation is assumed to be responsible for the sudden increase in trapping sites for deuterium and the concurrent accumulation of deuterium, both in the form of D 2 molecules and D atoms [18, 19, 20] . This mechanism of the trapping site The maximum concentration of deuterium at depths of 1-6 μm in the polycrystalline Mo is significantly higher than that in the Mo single crystal (Fig. 1 ). This suggests that the initial structure of the Mo material plays a decisive role in the diffusion into the bulk and stress-induced formation of trapping sites for deuterium. Possibly, the grain boundaries serve as preferential location for the trapping site nucleation. (Fig. 3 ). 
Conclusions

